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Wednesday, February 6, 2013 595adistribution of PICK1. To investigate whether the altered cellular distribution
results directly from a change in the lipid binding capacities of the AH, we em-
ploy a Single Liposome Curvature Sensing (SLiC) assay. We use quantitivative
fluorescence microscopy to evaluate the binding of the phospho-mimicking
mutants to nanosized liposomes in terms of MC-sensing, lipid affinity and
membrane deformation.
Intriguingly, we find that this single phospho-mimicking mutation in the AH is
sufficient to change the lipid binding capacities of the entire protein, likely
causing the altered cellular distribution of the phosphorylated protein seen in
the cells. As MC-sensing has been shown to be dependent on the AH of
N-BAR proteins in general, we speculate that the finding may apply generally
to phospho-regulation of N-BAR proteins.
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Ebola from the filoviridae family of viruses causes severe and mostly fatal hem-
orrhagic fevers in primates and has been listed as a category IV pathogen by the
NIH. Viral Protein 40 (VP40), the major matrix protein of Ebola virus, regu-
lates the assembly and budding of the virus and alone harbors the ability to
form virus-like particles (VLPs) from human cells. We hypothesize that
VP40 is a high affinity lipid binding and membrane curvature-inducing protein
with specificity for plasma membrane (PM) lipids. This specificity leads to
localization of VP40 to the PS-rich inner leaflet of the PM and formation of
VLPs. Using fluorescence spectroscopy to investigate VP40 binding and inser-
tion within lipid vesicles (POPC:POPS) containing brominated lipids. Because
the fluorescence of the tryptophan is variably quenched depending on its dis-
tance from the bromine atoms on the lipid acyl chain, a tryptophan introduced
into the membrane binding interface was utilized as a probe to detect the depth
of membrane penetration of VP40. Results were indicative of VP40’s high af-
finity and specificity for PS in a PS-concentration dependent manner demon-
strating the robust ability of VP40 to penetrate membranes. Further analysis
of VP40 membrane insertion revealed a depth of penetration more than halfway
into one monolayer of the membrane. Data also confirmed that VP40 binds with
nanomolar affinity to vesicles that recapitulated the PM in comparison to the
nuclear membrane. In addition VP40-mutants, which inhibit membrane binding
and penetration, obstruct VLP formation and release. Cellular assays confirmed
the lipid-binding specificity of VP40 in the PM of different cell lines and also
demonstrated that deep membrane penetration is essential for VLP. We predict
that these results will elucidate the molecular basis of VP40 induced membrane
curvature changes, a prerequisite to the PM deformation required for VLP
production.
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The Nedd4 family of HECT ubiquitin ligases are essential regulators of cellular
polarity, ion channel activity, motility, and inflammatory signaling. HECT fam-
ily Ubiquitin ligases employ a catalytic cysteine residue to target cellular sub-
strates for mono or poly ubiquitination. The Nedd4 family has nine members
each with an N-terminal canonical C2 domain, protein recognition WW do-
mains, and a catalytic HECT domain. While several reports in the literature in-
dicate which substrates these proteins target, little is known about how their
cellular localization and catalytic activity are regulated by their C2 domains.
These domains have previously been shown to bind phospholipids and to be re-
quired for the localization of some members to the plasma membrane. In our
laboratory, we employ surface plasmon resonance (SPR) technology to mea-
sure the affinity of proteins for specific lipids in an in vitro environment with
a lipid vesicle coated surface. Using SPR, we have investigated the specific
lipid binding properties of the Nedd4 family C2 domains to vesicles of specific
composition. We find that several Nedd4 family C2 domains bind to phosphoi-
nositides with nanomolar affinity. In addition, we have used vesicular sedimen-
tation assays and immunological lipid blots to confirm these binding results.
We are employing confocal microscopy and fluorescent C2 constructs to deter-
mine their cellular localization and to quantitatively determine their diffusion
coefficients, oligomerization state in the cytosol and at cellular membranes.
Finally, we are using both confocal microscopy and immunoblotting to deter-
mine how lipid binding regulates the ubiquitination state of Nedd4 family
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The Bacillus subtilis membrane harbors the temperature sensing and signaling
protein DesK. At low temperatures it triggers expression of a desaturase, which
introduces double bonds into pre-existing phospholipids, thereby regulating
membrane fluidity. Recently it was discovered [1] that both sensing and trans-
mission of DesK, which has five transmembrane segments, can be captured into
one single chimerical transmembrane segment, the so-called ‘minimal sensor’
(DesK-MS). This protein can be functionally reconstituted in lipid bilayers,
thus providing an excellent model system to study the molecular details of
a biologically important signaling mechanism.
Here we used synthetic peptides corresponding to functional and non-
functional mutants of the minimal sensor in artificial membranes of phosphati-
dylcholines as convenient model systems. We studied the conformational
properties, tilt, and exposure at the lipid/water interface at different bilayer
thickness and upon varying temperature by using circular dichroism and fluo-
rescence studies. Based on these results and on mutational studies, we propose
a model for the mode of action of DesK-MS, in which an N-terminal ‘‘sunken
buoy’’ motif and a C-terminal hydrophilic motif are crucial for DesK-MS func-
tioning. Finally, we explored the possibility of isolating and characterizing
DesK-MS in its native membrane in the form of ‘‘native nanodiscs’’ by using
copolymers of styrene and maleic acid (SMA). Results of these studies will be
presented.
[1] Cybulski LE, Martin M, Mansilla MC, Fernandez A, de Mendoza D. Mem-
brane thickness cue for cold sensing in a bacterium. Curr Biol. 2010
20(17):1539-44
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The membrane association of endophilin is a pivotal step in clathrin-mediated
endocytosis. In this process, the basis for the functional role of endophilin is
believed to involve the promotion of membrane curvature, which in turn de-
pends on membrane shaping by the dimeric structure of endophilin. Thus,
the dynamic nature of endophilin-membrane association and dimerization are
functionally important. However, little is known about the timescales and fac-
tors determining the kinetics of the interactions involved. To illuminate these
aspects, we study the kinetics and equilibria of endophilin N-BAR dimerization
and membrane binding.We determine the dimerization equilibrium constant by
using subunit exchange FRET.We characterize N-BARmembrane association,
under conditions where the dimeric species predominates, by stopped-flow, ob-
serving prominent electrostatic sensitivity. Our results suggest that membrane
insertion of amphipathic helices rapidly follows association, in a non-rate-
limiting manner. Relative to membrane binding, we find that dimerization is
governed by far slower kinetics. Thus, monomer-dimer exchange does not con-
tribute to the kinetic mechanism of membrane binding. These results under-
score a separation of timescales for endophilin dimerization and membrane
binding, which may facilitate temporal regulation of functional membrane
processes.
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Alpha 1-Antitrypsin (A1AT) is a glycoprotein that has been shown to have pro-
tective roles of lung cells against emphysema, a disease characterized by lung
tissue destruction [1]. Most known glycoproteins have been shown to play
a role in cellular interactions but the exact role of the glycan chains is still under
investigation. Previous electrophysiological measurements show that A1AT
has a strong affinity to lipid bilayers perturbing the function of ion channels
596a Wednesday, February 6, 2013present in the membrane. We have performed contrast-matching small-angle
neutron scattering (SANS) experiments to study the conformational changes
of the glycosylated form of A1AT for different concentrations of the osmolyte
poly(ethelene glycol) (PEG) and in the presence of two different lipid mem-
branes: POPC and POPS. We also monitor the structural changes of the lipid
vesicles in the presence of A1AT by SANS. Guinier fits were used as a first ap-
proximation to obtain the radius of gyration (Rg) of A1AT. Bragg peaks were
used to study structural changes of lipid vesicles. We observed that the Rg of
A1AT changes as a function of PEG concentration in solution and when in
the presence of lipid vesicles. The deformations monitored through changed
in A1AT Rg in the presence of lipid vesicles are compared to the deformations
of the glycoprotein observed under osmotic pressure and to the structural
changes observed in the lipid vesicles. [1] Petrusca, et al., JBC 2010.
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PTEN (phosphatase and tensin homologue deleted on chromosome 10) is a tu-
mor suppressor protein that dephosphorylates phosphoinositides at the 3-posi-
tion of the inositol ring. PTEN’s membrane association has been shown to be
a complex process that involves binding to phosphatidylinositol 4,5-bisphos-
phate [PI(4,5)P2] and phosphatidylserine [PS]. Recent evidence suggests that
the presence of cholesterol promotes the formation of PI(4,5)P2 enriched do-
mains. This study has three objectives: First, to investigate PTEN’s binding
to lipid systems with laterally heterogeneous membrane morphology. Second,
to delineate the kinetics of PTEN lipid binding and activation using stopped-
flow fluorescence measurements. Third, by using single molecule fluorescence
microscopy determine the lateral diffusion of membrane bound PTEN on sup-
ported bilayer and how the binding is affected by laterally heterogeneous mem-
brane environments. Overall the study aims to understand the dynamics of
PTEN-membrane interactions at the molecular level.
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The pHLIP -pH (low) insertion peptide- binds to the surface of lipid bilayers
as a disordered peptide at neutral pH. However, when the pH is lowered, pHLIP
inserts across the membrane to form a transmembrane (TM) helix. Peptide in-
sertion is reversed when the pH is raised above the characteristic pKa, which is
6.0 for POPC liposomes. Due to its unique properties pHLIP serves as a good
model system to study the process of folding/insertion and exit/unfolding of
a peptide into/from a membrane. We previously found that the process of inser-
tion of pHLIP in POPC phospholipid bilayer occurs in several steps with
different intermediates (Andreev et al 2010, PNAS). The number of intermedi-
ates correlates with the number of protonatable groups in pHLIP’s sequence.
For pHLIP, the pH-dependent insertion and folding processes are coupled,
and single sigmoidal transition is observed. Interestingly, we have found that
for two pHLIP variants (D14A and D25A where each aspartic residue in TM
part is replaced by alanine), the pH curve shows two independent sigmoidal
transitions, suggesting that the mutations stabilize an intermediate state along
the membrane-attached to transmembrane pathway. We implemented circular
dichrosism (CD), oriented CD, fluorescence, FRET to elucidate the nature of
these intermediates. From our experiments we inferred that the intermediates
correspond to a quasi-transmembrane state. We hypothesize that the intermedi-
ate emerges from the protonation of acidic residues at the peptide C-terminal
end, and complete TM folding happens with the protonation of the aspartic
acid residue located in the hydrophobic core of the membrane. These results
further our understanding of formation of transmembrane helix during sponta-
neous process of insertion of a polypeptide in membrane.
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Outer membrane proteins (Omp) in bacteria, porins, have an important role on
antibiotic translocation trough bacterial membranes. OmpF is one of the mostimportant E. coli porins in the permeation of beta-lactam and quinolone antibi-
otics. Moreover, these antibiotics might penetrate the bacterial outer membrane
through porins or through the lipid/protein interface. We focused on the char-
acterization of E. colimembranes, once this knowledge is crucial for studies of
antibiotic translocation and useful to understand and counteract bacterial
antibiotic resistance, one of the biggest concerns of nowadays. Steady-state
fluorescence anisotropy is a good technique to detect changes in lipid environ-
ments through the use of fluorescent probes. We used two fluorescent
probes, DPH and TMA-DPH (which provide information from the core and
from the interface regions of the bilayer, respectively), and determined the
temperature dependence of these two anisotropy probes, incubated or incorpo-
rated into POPE/POPG (0.75:0.25), POPE/POPG/Cardiolipin (0.67:0.23:0.10)
and E. coli total lipid extract liposomes (LUVs) and OmpF proteoliposomes.
POPE/POPG and POPE/POPG/Cardiolipin mixtures are conventionally
used to mimic the E. coli membranes, while the E. coli total lipid extract is
a natural system. In this study we determine the phase transition temperatures
characteristics of each membrane mimetic system and still prove the correct
insertion of the protein in the membrane. When comparing the transition
temperatures obtained for each mimetic system, our study suggest that the
ternary lipid mixture is a better system to mimic the E. coli membranes than
the binary system.
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Membrane inclusion interactions are studied within the scope of continuum
theory. We show that the free energy functional for the membrane thickness
can be rewritten as a constant times a dimensionless integral. For cylindrical
inclusions, the resulting differential equation gives a thickness profile that de-
pends on the radius of the cylinder and one single lipid property, a correlation
length that is determined by the ratio of the thickness compressibility and bend-
ing moduli. The solutions decay in a non-monotonic fashion with one single
observable minimum. A solution for planar geometry may either be explicitly
constructed or obtained by letting the radius of the cylinder go to infinity. In
dimensionless units the initial derivative of the thickness profile is universal
and equal to 1/O2. In physical units, the derivative depends on the size of
the hydrophobic mismatch as well as the membrane correlation length and
will usually be fairly small but clearly non-zero. The line tension between
the protein inclusion and a fluid phase membrane will depend on the hydropho-
bic mismatch and be of the order of 10 pN (larger for the gel phase). This results
in free energy costs for the inclusion that will be up to tens of kJ/mol (in the
fluid phase)
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Many essential cellular processes such as endocytosis, vesiculation, organelle
synthesis and cell division require transient membrane deformations. Recently,
it was discovered that the activity of some proteins (e.g. human ArfGAP1) dra-
matically increases with the curvature of the membrane bilayer, and that mem-
brane curvature could serve as a geometric cue for the subcellular localization
of some proteins (e. g. SpoVM and DivIVA). In addition, the entry of some bac-
teria and virus into human cells also requires alteration of membrane shapes.
Membrane geometry is increasingly viewed as a critical component for creating
microenvironments for membrane fusion and fission, protein localization, traf-
ficking and signaling. This underscores the importance of understanding the
molecular mechanisms responsible for the generation, recognition, mainte-
nance, and regulation of membrane architecture.
SpoVM, a 26-residue peptide, was recently found to recognize and preferen-
tially localize to the slightly curved outer surface of the forespore (diameter
of curvature, R, ~1 mm) during Bacillus subtilis spore development. However,
little is known about how this is accomplished. SpoVM was predicted to exist
as a straight, amphipathic a-helix that shallowly inserts into the membrane sur-
face. However, using solution NMR, we have found that the SpoVM molecule
adopts a loop-helix structure and that the helix deeply embedded into bicelles.
This model has provided new structural insights into SpoVM function. We are
extending this study with model membranes that are similar in curvature and
lipid composition to that of the B. subtilis forespore using solid-state NMR.
